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THE Ei’FECTOF.H& NUMBER ON THE AERODYNAMIC

CHARACTERISTICS @’ A SINGIE-ENGI~ PURSUIT AIIWME . .

AS DE’TITMIIZDFllOl:T3STS OF A

l/3-sciuz MODEL “ “ ‘

.% Robert C. Robinson and Eenry Jessen
L

l%esented hel?ein:tie the results of tests to determine
the effects of IWch niiber on the aerodynamic characteristics
ofan Allison powered single-engine pursuit airplane. The
llft, drag, and pitchin&mofient characteristics at high speed
are discussed and data are included to show the variation
of stability, tail effectiveness, and elevator effectiveness
with Mach number. The increments of drag and pitching moment
due to a del’lectorvane in.front of the radiator scoop are
presented.

INTRCXXJCTION

Although a model of a l..erlinpowered version of the
airplane had been tested previously in the Ames 16-foot wind
tunnel (reference 1), it was desired to obtain data on a
model of the Allison version of ‘&e”airplanefor corre-
lation with the results of’flight tests under way at the
Langley Memorial Aeronautical Laboratory.. The investigation
was carried out at the request of the Air Technical Service
Command, U. S. Army Air Forces.

BoW wessue-d~-stribution measurements and force tests
were included. This report deals with the aerodynamic
characteristics in pitch as obtained from the force tests.
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Data-are included to show the effeots of Mach number on the
stability and on the,elevator and h=lzontal-tall effewtlveri
nesso .

On some e&ly versions of the alrpIane, a retractable
deflector vane was used In front of the radl.atorscoop to
prevent wercoollng during dives. ?ilots have reported that,
In dives with this vane extended, lmmitudlnal oscillations
of the airplane develop at a higher l~ch
vane retracted. Tests were made at lift
from -0.04 to 0.4 with the vane attaohed
order to investigate Its effeots on drag
coefflcientsg

Dive-recovery fla~s were Dresent on

number than with the
coefficients ranging
to the model in
and pitching-moment

the airnlane mkinz
the flight tests,” In &der th&t the nodel would’mre close~
represent tineairplane, tests were nade with a sinulatlon af
these flaps,

Eost of
data plotted
ocnlsequently

In the retracted pOSitlOn, attached to tineLmdel.

the figures presented are cross plots fron the
against i:achnumber and elevator angle, and
the experimental points am not shcmn.

A??ARATUS

The l/3-scEOe nadel was designed and built at the Ames
Aermautical Laboratory and Is slnilar in construction to the
m~del described in referenoe 1, The t?m nodels represented aLr-
planes Which differed mainly In the lines of the forward part
of the fuselage and the vertical location of the wing. Changing
frm the Allison engine to the I;erllnengine (reference 1) mde
It necessary to change the forward.llnesof the fuselage, the
carburetor alr sco~p being moved frm the top to the bottom Of
the nase. Also, for the Merlin version of the airplane the
wing was lowered 1 Inch (model dlncnsion) and the size and
lines of the co~llng-alr duet were changed. The h~rlznntal
tail on the-mxld in this report was the same as the standard
tail of reference 10 Sealed gun openingg in the wings, dummy
gun cowlings an the forward pert ~f the fuselage, and an
optograph cover m the top of the aft pm?tion of the
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fuselage “wereadded to the basio.model. The g~lt tl~ps of
tile-coaMng-a4r..duotswere,Inuthe flush position for all .
te0t6. A three-vzew drawing of “themodel “-isshown ~$ti.:
figure 1, and the wind-tunnbl setup is Illustrated ,inthe

● ..-r..,.

photograph of figure 2. Figure 3 showq the ratliatbd
defleotor vane”in plaoe on.the modelm .

The model was mounted h l@ tunnel on a three-strut -

support system with two +peroent-thlok front struts and a
7Ypereent4hiok mar strut. The front struts were spaoed
go fiQkWS apart and the trunnloh was 25 peroent of the “
ohord aft of t@3 leading edge. . - - .

The following IS a list of pertinent dimensions
model:

Wing,area, sqft

SPEUI, rt . . . .

Mean aerodynamlo

. . . . . . . . . . . . . . . . . .. .

● m-mm. ..*m.. . . . . . .

. . . .. . . . .. .
chord, ft..... . . . . . . . .

Aspeotratio offing... . . . . . . . . . . . . .

Tail length (25 peroent M.A.C. to elevator hinge
line), ft . . . . . . . . . ..... . . . . . . . ...

Horizontal-tail cmea, sq ft. . ..... . ... i . . . .

Horizontal-tail span,.ft , . . . . . . . . ... . . .

Normal stabilizer tncidenoe relatlve~to’fuselage ,

reference lj.ne,“deg ; . . . . . .ti”;.. . . . . .

Elevator.area aft .of.htnge.11~.[es.oh),sq ft. . ....

Mass-balan~e paddle area (eaoh), sq ft., . . . , . .
.“

Elevator-tab ~ea (each), sq ft. . . b . . . . . . .

Elevator wan at hinge line (eaoh); i% . . . .. . . .

3

or the

25.91

12.34

2.21

5.89

5975

4.66

4.39

4.14

2

0.723

0, Oz!” .. .
0.106

2.cP+3 “-
:.

. .



4 MRlb, “A5E03

. . .
Normal cep@er+d%gmavity looatiofi.““G “ -. - - . -. . ...’. ...

Perde’nt:&’’~&odynamic ohord’”...“::~-~.. ~ . . . .
,

~~.’..“ ::

:f. .:.. e” ..-.
1.

Dist&ce”.~loW fuselage referende line”,,In . “..”. ... ~.lg.!”.-

. .

SYMMLS” “ “
.

.“: ,. .1”
.,. ...’”.. .

...

The eymbols~”usedin this report-are defined as follows:., ‘:’~

v

P

q

M

s

M.A.C.

CL

CD

c
mc. g.

a

%

It

ACm

Ac~

. . . . ,., .
frei-stream velocity, feet”per seoond

.. . ~.’

mass detisttyof’air, slugs per oubic foot “ “t,..:.J

free-stream dynamic pressure (~~~), .POUn~s.pe~s.qu~~.
, fQot. . . . . “ “ . “

“ ,Maoh

wing

mean

lift
,.

&&g
#

(number - . .
)

v..:.””.””-””” ‘“”;
veloolty of Sound

area, square fleetI s “ “
..

aerodynamic “ohord)’fie% . “ “

coeff’~’~’rit(~ ). :: “:: :. c ~ “ ..’:,..

(+9
coefficient ~
. . . . . . “V’.’”’’””””””” ‘“”

pitching-moment coefficient aboutj~ti,center or. .. .1

@

. . . ..- . ... . . .
grlvity Itching moment about the oenter of gravity.

,.. - s.\M;A:~;-. .,.. .... .
engle of cttqck of fuselaga qef’prenc~.llnec~rrected .

for twinel-%all effacts aridupflow ’dueto 8upport
struts, degrees . . . ... . . . ..

uncorrected EL@~ of .:ttr.ckof fusqlage r.eference.t..
. line, degrees .. -

.-
incldence“ofhorizonte.1sticbillierw“ithrespect to” .

thQ fuselage reference line, degrees .,:.
, . . . . ...

increment of pitching-mo~.nt ooofflo$ent. ; ..... C.
. . . . . .“”’” “’ ..

“increment of dreg coefficient

I
—
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WIND--TUNNELCalibration?AND CORRECTIONS ..
J

‘“ ‘-Th6 dynamic pr6~-s”ties“~d Mach numbers were,-dateam~ned..
by means of tistatic-pressure sumrveyIn the region of the

. tunnel occupied by the model. All three Struts were In
place-during the survey. The results obtained were.cbrrected
for the constriction effect of the model. A detailed
description of the survqy method and the constriction ~ .“

correction are given in referenco 2.,.., . . .
Tunnel-w&Ql, tare, and upflow corrections were applied

to all the dEltEl”.The tunnel-wall corrections were oalcu-
Mted by the method of reference 3. Drag end pitchlng-
moment te.resdue to the support struts were evaluated from
force tests or the struts alono. In order to find the
upflow effects caused by the front struts$ tests wore made
with the model erect and Invefitod. One-halfthe difference
between the EUMZlOSof zero lift for the two conditions was–- w

taken as the upflow angle. The following table lists ‘-
corrc,ctlonsthat have been applied:

Ii

0.4 - 0.690

.725

● 75

.775

.ii

. fn
.1

“Dupflow

—. ...--.--..

0.00175 cL

.00320 c~

.00545 cL

,00735 cL

.0092~ cL

.01135 cL

.01205 CL

‘au flow
(%?)

“ 0.10

lg.

.31

.42

● 53

.64

.69

. .

the

.

.

A
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1.019 cL + A~pflow

Drag-coefficient correction = 0,01.78CL= + AC~pflow + “Dtme

= 0.0178 cLa + AC%pflow - 0.010

Pitching-momont-coefficiont

correction = 0.0118 CL -t ACmtuo

= 0.0118 CL + 0.0220

RESULTS AND DISCUSSION

Longitudinal Characteristics

Tho lift coefficient for the model without and with tho
tail surfaces (figs. k and 5, respectively) has been plotted
in carpet form to show simultcmoously its variation with Hhch
number and angle of””htth”ck.‘I’hopi.tching-moment”coc”fficicnt
is also plotted in”cmpot forr~(fig. 6) to show its vmiation
with lift coeft’lctentfor various I“hchnumbers. Fi~c 6
shows that the static longitudinal stability -bc~w~ at the
lift coefficient for balance with the olcvators neutral changed
from 0.078 at a wch number of O.~}to 0.203 at a Mach number
of 0.8 - m incrcaso of 1.60pcrccr.ti.For the same range of
Mach numkers the lift coofficiont for balance docroasod from
0.065 to -0.125.

The variation”mf drag coofficlent with ‘liftcoofflcient
Is shown in figure 7 for”sovoral Mach numlwrs, md tho offoct
of Wch number on tic drag and pitching-moment coofficionts
for various lift coefficients IS shown in figure 8.

The above Mach number effects m% similar to thoso found
for the modol of tho Merlin poworod version of tho airplmo,
and their influence on tho longitudinal-control chcr.tictoristics
is discussed In rofercnco 1.

Elevator md Tail Zffectivonoss

me effect of elevator deflection upon tho pitchlng-
momont coefficient is prosonted in fi uros 9(r2) to s(g).

AFor the samo elevator deflections (-u to 30) the change of
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I lift coeffloient was roughly 0.006 por degree. The maximum
&an+&e of drag coefficient due to the 11° Ghange of elevatory

/

deflection var~6d’froWO:002-to O;Ol~, depending on-the angle
of attaok and Mach number. From figure 10 It can be aeon
that tho decrease of elevator effectiveness with Mach number
was small enough to be unlffiportent.

I
.
L The increment of pitching-momenttcooffioient resulting,,

from changes In stabilizer incidence and the effeot of Each
nuriberon tail effectiveness are shown in figures 11 and 12.
For negative stabilizer angles and the higher I&ch numbers,
the tail effectiveness decreased for large negative angles
of att~ck. This decrease was evidently due to shock stalllng
of the hbrlzontal tall caused by the large angle of attack
and high 14achnumber.

With the standard stabllizor incidence and for small
angles of attack, the tail effectiveness increased slightly
with Mach number up to 0.765. At 0.4 Mach number the tail
effoctlveness was about 1.5 times as great as that for the
elevator, and at 0.765 it was about 2.1 times as great.
The fact that the elevator has less effect on the pressure
distribution oven the stabilizer at high Mach numbers and
the Increase of lift-curve slope with Mach number for the
horizontal tail with elevator neutral account f’orthis change.
It appears that, as higher Y.lkchnu~iioersare reached, a control-
lable stabilizer or an all-~ovable t?il plane will become
more desirable fronipurely aerodynanlc consldere.tlons.

Effects of Deflector }-aneend Retracted

Dive-Recovory Flaps

Extension of the deflector vene in front of the cooling-
=Ir scoop caused e.positive incror~cntin pitching-moment
coefficient of ~.bout0.008 which WC.Spractically unaffected
by Mach nuuber or small chenges of angle of attack. The dreg
increment was negligible up to a Each number of about 0.75,
but at Oig It varied from 0.004 to -0.00& dependhg on the
angle of attack. Howev@r, the vcrlctlon with angle of ~ttack
was rather inconsistent, as shown In figure 13. Neither the
dreg nor pitching-moment-coefficlont increments offer a
explanation for the effect the dqflector vane was reportod to
have on the atiplane in dives.

—.-.— ..-. _.
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Tho additional drng coofficie-ntcaused by
di.vo-rocovcryflaps was small &nd its variation
number.ls shown in flgm?e fl!..

COHCLUS1ONS

the retracted
with Mach

High-speed tests of a l\3-scalo model of a slnglo-
ongino pursuit airplano show6d thG following offccts of Mach
number on tic longitudinal stability and on tb.ceffectiveness
of the tail and the olcvator:

1. An increcso
caused an Incrcc.soof’
stcbillty~ Tlmre was

in liho?;&chnumber from O.~Lto 0,8
160 pcrccnt in the static longitudinal
c corrcspondi~ dacroaso of 0.19 In tho

lift coo?fi.cicnt for balmce with th; elevators ncutr~l.

Changes of tc.iland elevator cffoctivonoss with
l!achn2tiberw~rc sr.qllbut sud?ficlcmtto cause tho ratio of
tail to olovotor effectiveness to incrocsc from 1.5 at O.~
Mach number to 2.1 at 0.765 l:mchnumber for small cn@os of
att~ck.

3. The small incrcmciltsin drag and pitching-momont
coofficicnts caused by the cooli~~-air deflector vano do not
explain *-o offoct tlnlsvane 1,7asroportcd to hnvo on longi-
tudinal oscilktions of tlho airplmc when diving.

Amos Aeronautical Laboratory,
l’?ationzl Advisory Committee for Aeronautics,

Moffott Field, Calif., q 3, 1945.
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Figure 2.- The l/3-scale model in the lb-foot wind tunnel
(5-percent-thick front struts spaced 80 inches,
?-percent-thick rear stint).

Figure 3.- Deflector vanein front of the cooling duct on
the model.

..—.....- -- -—----
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FIGURE 13.- AODIT..ONAL DRAG AND PI TCHINQ – MOMENT

COEFFICIENT FROM THE DEFLECTOR VANE .
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FIGURE /4- ADDITIONAL DRAG COEFFICIENT FROM

THE RETRACTED ~lVE - RECOVERY FLAPS.
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